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ABSTRACT. This paper reviews instructional theory and research relating
10 three design criteria; (a) the order of presentation of instruction (se-
quencing), (b) the kinds of content relationships that should be taught,
and (c) the way content relationships should be taught (synthesis). With
respect to sequencing, theory and research on the following are reviewed:
scrambled versus logical sequences, micro level sequences such as rule-
¢xample versus example-rule and the order of instances in the form of
cxamples or practice; and macro level sequences such as Bruner's spiral
approach, Ausubel’s general-to-detailed sequence based on “progressive
differentiation,” Gagne's hierarchical sequence for intellectual skills, the
“shortest path™ sequence for teaching complex procedures advocated by
P. Merrill, Scandura, and others, and the Elaboration Theory’s three
simple-to-complex sequences proposed by Reigeluth, With respect to
synthesis, theory and research are reviewed on Ausubel’s advance organ-
izers, Danscreau’s networking, Anderson’s mapping, Novak's concept
mapping, and the Elaboration Theory's synthesizers, Also, research on
the relations between sequencing and synthesis is reviewed. A variety of
recommendations for future research are provided, and the importance
of model building and theory construction are emphasized.

The goal of instructional design as a discipline is to0 understand and improve
methods of instruction. The function of instructional design as an activity, on the
other hand, is to decide which methods of instruction should be used under given
conditions to bring about desired changes in students. Using an analogy, Reigeluth
and Stein (1983) state that the result of instructional design as an activity is an
“architect's blueprint™ that prescribes what instructional methods should be used
for a given objective and a given group of students at a given time; in contrast, the
results of instructional design as a discipline are models or theories that provide
knowledge about how 10 produce a good blueprint under various conditions (i.e.,
various combinations of objectives, student characteristics, and times). This paper,
from a discipline point of view, examines the role of sequencing and synthesizing
in instruction, as well as different principles, models, or theories that provide
strategies for implementing them.

When designing any piece of instruction, two of the important questions facing
instructional designers are: (a) How should the instructional events be sequenced
over time? (e.g., In what order should the ideas be taught? When should the
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definitions be given? Where should the practice be placed?), and (b) How should
the interrelationships among these ideas be tdught to the students? (e.g., How is
idea A related to idea B? Where does idea C stand in relation to ideas A and B?).
Therefore, strategies for sequencing and synthesizing aim to help instructional
designers break the subject matter into small pieces, order the pieces, teach them
one at a time, and then pull them together based on their interrelationships.

Two fundamental types of instructional strategies have been identified to provide
sequence and synthesis: “macro” strategies and “micro” strategies (Reigeluth &
Merill, 1979). They are different in two ways. First, they differ in the scope of
content to which they apply. Instructional designers use macro strategies 10 organize
a set of related skills and knowledge into lessons. So, macro strategies are used to
structure a number of different content ideas. Micro strategies, on the other hand,
are used 1o organize stimuli in teaching individual ideas and to structure a set of
stimuli for teaching individual facts, concepts, principles, and procedures,

A second difference between macro and micro strategies is the type of *memory”
with which they are concerned. Macro strategies are concerned with the organiza-
tion of memory. Their goal is to create, or effect changes in, the structure of entire
skill and knowledge repertoires. Micro strategies, on the other hand, are concerned
with memory acquisition: they are designed to efficiently “fill the individual
registers”™ of the student with information. Therefore, the effects of a macro strategy
should endure over longer periods of time and should more strongly influence
transfer and problem solving than those of a micro strategy. Further, the success of
8 macro strategy depends to a great extent on the effectiveness of the micro strategy
in making the required information available in memory. Because macro and
micro strategies deal with different amounts of content and meet different learning
needs, they require different techniques for sequencing and synthesizing.

Basically, since sequencing and synthesizing concern, respectively, breaking the
content into small elements for acquisition and then pulling it together based on
the relationships among these elements, they should have more impact on the
macro level of instruction (when teaching more than one content idea—fact,
concept, procedure, or principle) than on the micro level (when teaching one
content idea). However, sequencing does play an important role in micro-level
instruction, where it concerns the order of presenting the generalities, examples.,
and practice for teaching a particular content idea. Different sequences of these
micro instructional events may result in different instructional outcomes,

Given the definitions of sequence, synthesis, macro strategies, and micro strate-
gies, the literature review will take the following form. The sequencing and
synthesizing literature will each be discussed in two parts: the first part will discuss
3he early rescarch and the second will discuss the current rescarch. Finally, some
interactions between the two will be examined. .

Review of Sequencing Strategies

Before looking at specific studies, it would be helpful to look briefly at the
prob_lems involved in sequencing from a theoretical point of view, Two steps are
required to construct a sequence. The first is the identification of the elements to
be sequenced, and the second is the selection of an organizing principle. Though
these _lwo steps may seem tnivial, they are not. Given any set of topics, the varicty
of their elements that may be sequenced and the number of principles that may be
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used to create that sequence could generale many macro sequences. Therefore, the
first task of the instructional designer is to answer the following two questions:
“What is to be sequenced?” and “How will it be sequenced?”

What Is to Be Sequenced?

. Surprisingly, most early sequencing research failed to answer this question
adequately. It seems, however, that two different views exist. One view maintains
that the responses of the learner should be sequenced, and relevant concepts,
principles, and procedures should be plugged into the sequence as needed to teach
those responses. The other view maintains that the content should be sequenced,
and the learner’s responses should be included as needed to support mastery of that
content.

The difference between these points of view is reflected in the choice of analysis
technique used to identify the elements 1o be sequenced. Resnick (1976) used a
figure to represent the “triangulation” among the performance elements, the content
elements, and how both impact on the sequence of the instruction (see Figure 1).

Resnick suggested that an analysis focusing on the responses of the learner would
identify elements by means of an empirical investigation of the performance,
whereas an investigation focusing on the content itself would identify elements by
means of a rational investigation of that content. It appears that versions of one or
the other of these two analysis techniques were used in many instructional theories:
theories employing a behaviorist approach tend to use empirical analysis (e.g.,
Gropper, 1973, 1974; Mechner, 1967; Skinner, 1953, 1954); theories employing a
cognitive approach tend 1o use rational analysis (e.g., Bruner, 1966; Landa, 1974,
1983; Scandura, 1973a, 1973b, 1976, 1983). There are also eclectic theories whose
approaches of content analysis reflect the use of both techniques (e.g., Gagne, 1977,
Gagne & Briggs, 1979; Merrill, 1973, 1983; Reigeluth & Stein, 1983).

How Is It to Be Sequenced?

There are many different ways to organize either performance or content ele-
ments. Tyler (1950) identified four organizing principles: logical, psychological,
chronological, and part to whole. Thomas (1963) identified five available “rules™
for this organization: known to unknown, simple to complex, concrete to abstract,
observations to reasoning, and whole 1o detailed. Each of these sets of principles is

3
Teaching or
Acquisition

Routine
2 1
Structure of P ~ Performance
the Subject o~ 7 Routine
Matter

task (content) anaiysis information processing

FIGURE |. Resnick's triangulation of content analysis techniques.
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nstructed from three basic types of principles: those based on the performance,
ose based on the content, and those based on the psychology of the learner.
Posner and Strike (1976) presented a scheme for classifying these principles that
very similar to that proposed by Resnick (1 976) for classifying analysis techniques.
\eir scheme identifies two basic groups of principles: those that are empirically-
sed and those that are logically-based. Derived from these two groups are the
tlowing five categories of principles and numerous subcategories:
I. World-related principles, which prescribe sequencing according to: spatial
ations, chronological relations, and physical attributes.
1. Concept-related principles, which prescribe sequencing according to: class
ations, propositional relations, sophistication, and logical prerequisite.
3. Inquiry-related principles, which prescribe sequencing according to: the logic
inquiry and the empirics of inquiry.
1. Learning-related principles, which prescribe sequencing according to: empir-
| prerequisite, familiarity, difficulty, interest, development, and internalization.
5 Utilization-related principles, which prescribe sequencing according 10: steps
a procedure and frequency of utilization.
Posner and Strike (1976) define the sequences resulting from each category of
: principles as follows:
I. World-related sequences “are those sequences in which there is consistency
\ong the ordering of content . .. and (the) relationships between phenomena as
1y exist or occur in the world ... U (p. 672).
2. Concept-related sequences “reflect the organization of the conceptual world
_ content is structured in a manner consistent with the way the concepts
-mselves relate to one another..." (p. 673).
3. Inquiry-related sequences are “those that derive from the nature of the process
generating, discovering or verifying knowledge™ (p. 676).
1. Learning-related sequences “draw primarily on knowledge about the psychol-
y of learning . ..” (p. 677). )
3. Utilization-related sequences “can serve as foci for grouping content ...
1hin these . . . utilization contexts, content can be sequenced (a) in a way that
lects procedures for solving problems ... or (b) according to the utilization
rential for a given content element” (p. 679-680).
sosner and Strike do not suggest that only one type of organizing principle is
Jd 10 create instructional sequences. Rather, they find that highly sophisticated
.uencing approaches often employ more than one principle. For example, they
cribe Gagne’s prerequisite relations in curriculum development as a blend of
) subcategories: logical prerequisites and empirical prerequisites. Ausubel’s “ad-
1we organizers™ they describe as “an interesting marriage of concept-related and
rning-related bases.” However, they contend that it is important to recognize
distinction among these principles in curriculum research, evaluation, and
nning, since each organizing principle requires a different analysis of content.
» scheme developed by Posner and Strike serves as an analytical tool for research
sequencing. However, it lacks prescriptive utility for instructional designers in
{ it contains no guidelines as to which types of sequences are most effective for
ich types of content, which kinds of learners, or which instructional outcomes.
iven this variety of views of what should be sequenced and how to sequence,
now turn to some early research on sequencing.

)
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Early Research—Scramble Studies

If classified according to Posner and Strike, most of the early sequencing research
used learning-related principles, specifically behaviorist principles. Because of this
behaviorist base, the elements to be sequenced were selected using an empirical
analysis of the performance. This body of research was, in essence, empirically
based in both the identification of elements and the selection of organizing
principles.

The importance of sequencing in instruction was recognized and scientifically
examined by B. F. Skinner, who was the first to integrate isolated learning principles
into a testable instructional model (Skinner, 1953). His behavioral approach to
instructional sequence, based on empirical evidences, has had tremendous influ-
ences on the field of instructional design. The principles he proposed stress the
contiguity between stimulus and response and contingency of reinforcement,
known as the S-R-S chaining. In his advocacy for the use of teaching machines,
Skinner contended that subject matter should be broken into small units in order
to create a “gradual progression” (shaping of behavior). The principle of gradual
progression, along with the principle of S-R-S$ chaining, dominated the design of
instruction for almost two decades. According to Skinner's view, any learning
process can be considered as a series of stimulus-response sequences. The prevalence
of this sequencing principle is reflected in many instructional theorists’ work such
as Glaser (1961), Gilbert (1962), Mechner (1967), and Markle and Tiemann (1969).

As the principles of S-R-S chaining and gradual progression were adopted,
especially for the design of programmed instruction, some researchers sought to
quantify the effects of these sequencing strategies. This early research, called the
sscramble studies,” tested the effects of a scrambled sequence versus some type of
“logical” sequence. However, it is not clear in many of these studies whether they
investigated macro or micro strategies. Some of the more famous studies are
reviewed below,

Gavurin and Donahue (1961) used a 29-item program on the vocabulary of
psychology and randomized items within three blocks. They found that the 20
adult subjects who studied the random sequence made significantly more errors
than the 20 adults who studied the logical sequence during the learning period.
However, when the criterion test was given one month later, no significant differ-
ence was found between the two groups.

Given the lack of significant results, Gavurin and Donahue suspected that the
number of frames used in the program might be too small, and the delay of the
criterion test might have introduced some leveling effect such that no significant
differences could be detected. Following that, Roe, Case, and Roe (1962) conducted
a similar study in which they used a longer 71-frame program, and the criterion
test was administered immediately after the learning session. The subjects were 36
college freshmen psychology students and the program was on elementary proba-
bility. But again, they found no differences between the group receiving the
scrambled sequence and the group receiving the logical sequence on the following
measures: time to complete the program, €rrors during learning, the criterion test
score, and time required to take the criterion test.

Roe et al. (1962) concluded that careful sequencing of autoinstructional programs
might not be necessary for college students since when an out-of-sequence program
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was presented to them, they became more alert 10 the material and would deliber-
ately seek more information to answer the questions. They suggested that scquenc-
ing in an autoinstructional program may be “a function of such variables as length
of program, information content of items, and individual learner differences™ (p.
101). '

Gavurin et al. and Roe et al. achieved randomization of the sequences by
scrambling within blocks. They divided their programs into sub-sequences, and
randomized frames only within these sub-sequences. Hamilton (1964) suggested
that the lack of sequencing efTects from these studies might indicate that “students
benefit from having to make organizational efforts within a sub-sequence of frames,
as long as the necessary overall sequence of learning material was not disrupted”
(p. 259). In our current terminology, what she proposed was that macro presentation
structure might have a greater effect on learning than micro structure. Hamilton
used fifth- and sixth-grade students and an entirely randomized 106-frame program
on music notation, but found no significant differences for sequence on cither
posttest scores or on the time it took students to complete the program. Hamilton
explained that both the brief length of her instructional program and the content
she chose might have contributed 10 her nonsignificant findings. She suggested that
perhaps some highly structured content, such as mathematics, might benefit more
from sequence than her rather loosely structured content of music notation.

In a previous test of this hypothesis, Levin and Baker (1963) used a 180-item
program on the highly structured content of elementary geometry. Since age of the
subjects seemed to be an important variable, and subjects in the previous studies
were all considered “mature” enough to be able 10 “unscramble™ the sequence,
they chose to work with. 36 second graders. In a matched-group design, no
differences could be found for sequence on tests of acquisition, retention, or transfer.
However, Levin and Baker did raise two additional issues: one, that ... the
possibility of an interaction between initial ability and treatment effects deserves
explicit investigation™ (p. 143); and the other, that before prescribing appropriate
logical sequence, one must first “. . . have some empirical generalizations about the
relationships between sequential structure, content and dependent variables™ (p.
143). In other words, a model was needed.

The relationship between sequence and content was further investigated by
Payne, Krathwohl, and Gordon (1967) and was defined as the degree of “logical
interrelatedness™ inherent in the content. Payne et al. suggested that for sequence
to affect learning, the content must have some inherently dependent form. To test
this, they chose three different sets of math content varying in the amount of this
sequential dependency: low, medium, and high. A program of 164 frames on
elementary measurement and statistical concepts was given to 195 sophomores.
Still, they found no sequence effects on either a test of acquisition or retention. To
test Levin and Baker’s suggested interaction between sequence and ability, Payne
et al. looked at the correlation between students’ MSU Arithmetic Test scores and
both acquisition and retention test scores. Again, no pattern could be found to
suggest that students of high ability could compensate for lack of sequence or that
students of low ability could not compensate. However, Payne et al. explained that
a few possible biases might have been introduced during the process, such as some
redundancy or repetition of the information in the instruction, so that even with
the scrambled sequence, one frame might still contain cues to the meanings of
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others, thereby reducing the actual differences between the scrambled and logical
sequences. '

In a different type of scramble study, Buckland (1968) was the first researcher to
differentiate between micro and macro sequences. He used a 55-frame mathematics
program sequenced in three ways: standard form, 10 randomized blocks of content,
and all frames in random order. Essentially, Group 1 received a logical sequence,
Group 2 received a randomized macro sequence with a logical micro sequence,
and Group 3 received randomized micro and macro sequences. Buckland found
that for low ability students, the logical program group was significantly better than
either of the scrambled groups on the transfer test and significantly better than the
item-scrambled group (Group 3) on the acquisition test. In contrast, for the high
ability students, the only significant difference was found on the acquisition test
where the block-scrambled group was significantly better than the item-scrambled
group. In fact, the block-scrambled group scored highest in both the acquisition
and the transfer tests for high ability students. An interaction between sequence
and ability seemed to appear here (see Figure 2), which suggested that low-ability
students benefitted from a correct sequence, whereas high-ability students did not
necessarily. .

How was it that Buckland was able to find significant sequence effects where so
many had failed? Buckland suggested that as the subject sample included only
“boys from the first year of a boys’ secondary school” (12 years of age; p. 199), his
results would be difficult to generalize. However, some measure of generalization
is justified in that Buckland felt the boys of high ability were similar to the college
students and adults used in the earlier studies in that they possessed a “flexibility
and adaptability in mentally rearranging material” (p. 203). He suggests, then, that
his results are real. An alternative explanation of his results lies in the fact that the
two scrambling methods used (i.e., micro and macro) were unique to this study.

Though the specific nature of Buckland's measures was not identified, a check
of Buckland’s tests suggests that they did test the students’ abilities to remember
the generality of an idea and to apply it 1o previously unencountered instances
(Merrill, 1983). From this pattern of results, it is possible to infer that micro
sequence affects remember-level outcomes and, if the effects of micro and macro
sequencing are additive, macro sequencing affects use-level outcomes (application).
Though the types of sequences and outcomes tested by Buckland are similar to
those of current interest, Buckland did not present a clear definition of the

TRANSFER (use) N.S. SIC.
ACQUISITION {remember) SIC. SIG. J
STANDARD vs STANDARD vs
MACRO MICRO AND MACRO
SCRAMBLING SCRAMBLING

(Low ability students only)

FIGURE 2. Patiern of differences from Buckland’s study.
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«standard” sequencing principle used, of the content elements sequenced, or of the
specific instructional outcomes being measured.

Summary

One can see from the preceding review that there are no conclusive results from
the scramble studies. The researchers’ consistent conclusion is that sequencing
depends on many variables. Four major problems can be identified to account for
the inconsistency of research findings. First of all, what was sequenced was not
clearly delineated in these studies. Secondly, most of the early studics did not
differentiate between macro or micro levels of sequencing. This made it difficult
for other researchers to replicate the studies and for instructional designers to draw
implications for practice. Thirdly, most researchers did not differentiate among
different types of instructional outcomes when measuring the effects of sequencing.
Finally, no precise organizing principles were followed. The sequences used were
either based on imprecise learning-related principles or hazy content-based princi-
ples such as “logical interrelatedness.”

Therefore, as suggested by R. Anderson (1967), Niedermeyer (1968), Heimer
(1969), and Natkin and Moore (1 972) in their reviews of sequence-related literature,
for sequence effects to be consistently found, a theory of sequencing must be
formulated with a set of testable hypotheses for identifying elements to be sequenced
and for determining principles of sequencing in relation to different content, learner,
and outcome variables.

Current Research

In this section, review will be divided into two parts: micro sequencing, which
discusses the theoretical development in ordering instruction for teaching individual
ideas; and macro sequencing, which examines various approaches for ordering
multiple ideas in course/curriculum design.

Micro Sequencing

Merrill, Reigeluth, and Faust (1979) were among the earliest who identified the
major content elements for micro sequencing. The Component Display Theory
(Merrill, 1983; Merrill et al,, 1979) proposes four different “primary presentation
forms” for micro sequencing. These four presentation forms answer the “What is
10 be sequenced?” question on the micro level.

Merrill and his associates suggest that the “grist” of instruction is composed of
1wo elements: generalities and instances. A generality is a definition or rule, and an
instance is an example of the definition or rule. For example, a generality for the
concept photograph might read: “any graphic rendering, usually on paper, resulting
from the action of light on light-sensitive chemicals.” An instance of the above
generality would be an actual photograph.

Merrill et al. also suggest that generalities and instances can be presented to the
students in two ways: expository (e.g., Here is an example of ...) or inquisitory
(e.g., Is this an example of ...7). Therefore, the four primary presentation forms
are: (a) generality in an expository form, (b) generality in an inquisitory form, (c)
instance in an expository form, and (d) instance in an inquisitory form. Any
generality or instance presented in an inquisitory form can be considered as a
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practice or test item, and any instance presented in an expository way is considered
an example. Micro sequences then are achieved by ordering the above four
presentation forms.

The theory also suggests that a variety of “secondary presentation forms™ can be
embedded in the sequence to aid learning. These aids include mnemonics, math-
emagenic help, alternative representations, feedback, and others. Component Dis-
play Theory provides a language as well as a taxonomy of variables for systematic
investigations of the effects of different sequences at the micro level.

Based on the Component Display Theory, three major events have been identified
in the teaching of a single “piece” of content t0 attain “use-a-generality” outcomes
(such as concept attainment). They are: the presentation of a generality (definition
or rule), the presentation of examples (and sometimes nonexamples), and the
availability of practice with feedback (Merrill et al., 1979). Any single micro
sequence is defined by the organization of the above three events. Different micro
sequences represent different instructional approaches and have been shown to
result in different instructional outcomes. For example, building on the “rul-eg”
versus the “eg-rul” line of inquiry (Evans, Homme, & Glaser, 1962), a generality-
example or rul-eg sequence (which defines an expository approach) results in better
use-a-generality outcomes (near transfer), whereas an example-generality or eg-Tul
sequence (which defines a discovery approach) results in better find-a-generality
outcomes (far transfer), according to Guthrie (1967), Roughead and Scandura
(1968), Scandura, Woodward, and Lee (1967), and Hayes-Roth (1977).

But the sequencing of generalities and instances is not the only kind of micro-
level sequencing of concern to instructional designers. Also important is the
sequencing of instances themselves. Three principles for the selection and sequenc-
ing of instances have been identified. First, Tennyson and his associates (Park &
Tennyson, 1980; Rothen & Tennyson, 1978; Tennyson, 1972, 1975, 1980; Ten-
nyson & Boutwell, 1974: Tennyson, Steve, & Boutwell, 1975) investigated a strategy
for organizing sets of examples and nonexamples where examples and nonexamples
of a concept are matched to highlight the concept’s critical attributes. In this
matching, examples and nonexamples are chosen with their noncritical attributes
as similar as possible while one critical attribute is varied. Markle and Tiemann
(1969) proposed a similar principle of matching examples and nonexamples, and
labeled the set that manifested the above characteristic “rational set.” Klausmeier
(1980) shared the same notion of matching examples and nonexamples when
teaching concepts, but suggested that complex matching may not be necessary
when a set of concepts is to be taught where examples of one concept are
nonexamples of the other. ‘ ‘

The second principle in organizing examples suggests that successive examples
should be as divergent as possible (Merrill, Olson, & Coldeway, 1976). This is done
by varying the noncritical attributes as much as possible within the examples.
Thirdly, it is suggested that the examples should represent a range of difficulty and
be presented in an easy-to-difficult order (Klausmeier & Feldman, 1975; Merrill et
al., 1976).

Mucro Sequencing

A great many of the prescriptions about sequencing are at the macro level. Some
of the sequencing strategies widely known to instructional designers include: spiral
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curriculum (Bruner, 1960), progressive differentiation (Ausubel, 1963, 1964, 1968)
and hierarchical sequence (Gagne, 1968, 1977). Others, such as shortest path (P.
Merrill, 1978; Scandura. 1973a, 1973b, 1976, 1983), and elaboration (Reigeluth &
Stein, 1983), though less widely known, have yielded promising results. These
strategies will be reviewed in the following section. There are a vaniety of other
sequencing strategies, such as backward chaining (Gilbert, 1962), the “snowball”
approach to teaching algorithms (Landa, 1974, 1983), and static and kinetic
structure (O. Anderson, 1966, 1969, 1971), which have received less attention
among instructional designers and, therefore, are not reviewed here.

Spiral curriculum. Bruner proposed that content should be introduced commen-
surate with the students’ intellectual development throughout their entire educa-
tional process and should be built around the crucial ideas in the subject (Bruner,
1960, 1966). The spiral approach suggests that the same crucial ideas of a subject
be taught at each grade but with increasing degrees of complexity and sophistication.
The periodic recycling of the same topics with progressively greater complexity
functions like a spiral.

Bruner suggests that if a subject is important for the student 10 know, it should
be introduced as early as possible in the student’s education. Let the subject be
developed and redeveloped as the student becomes more intellectually mature and
can grasp the substance of it. Bruner contends that the continuous exposure of the
student to the topics facilitates a deep and more intuitive understanding of the
subject.

Unfortunately, this approach can be difficult for an instructional designer to
implement because Bruner did not provide enough guidance as to how to create a
spiral curriculum. Therefore, it is not clear how the subject should be taught at
various stages in the spiral.

Progressive differentiation. Ausubel constructed an instructional theory based on
his theory of learning that assumed that learners' cognitive structures are “hierar-
chically organized in terms of highly inclusive concepts under which are subsumed
less inclusive subconcepts and informational data™ (1960, p. 267). His instructional
theory proposed a sequence that organized content into levels of detail that
approximated the way people naturally learn. That is, Ausubel believed people
tend to “subsume” detailed information under more general types of information.
Therefore, Ausubel advocated a general-to-detailed or “top-down™ sequence in
which general and inclusive ideas (“advance organizers™) were presented first,
followed by related ideas of greater specificity and detail that provide “progressive
differentiation” of the more general and inclusive “anchoring” ideas, and which in
turn serve as advance organizers for the next level of detail and specificity.

Ausubel’s instructional theory was primarily targeted at the social sciences or
other highly conceptual, verbal types of content. For highly structured content such
as mathematics, his general-to-detailed sequence has not been rigorously examined.
Also, like Bruner, he did not provide enough guidance as to how to create a general-
to-detailed sequence based on the notions of advance organizers and progressive
differentiation. Hence, although designers and theorists have benefitted from Au-
subel's instructional theory in general, his sequencing principle has been very
difficult for instructional designers to implement. )

The effectiveness of Ausubel's sequencing strategy has been tested to some degree
by many advance organizer studies, for advance organizers represent more general
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and inclusive ideas that are taught prior to more detailed and specific ideas that
progressively differentiate them. Several reviews of those studies have been con-
ducted (Barnes & Clawson, 1975; Lawton & Wanska, 1977; Luiten, Ames, &
Ackerson, 1980; Mayer, 1979a). Results indicate that such a sequence is beneficial
when unmastered prerequisite knowledge and abilities are important components
of the content and when transfer is an especially important outcome (Mayer,
1979a). :

Hierarchical sequencing. Gagne (1968) suggested that content could be analyzed
into hierarchical form. His “learning hierarchy” was formed by breaking intellectual
skills into simpler component parts. The sequence derived from this analysis, then,
used a “parts-to-whole™ organizing principle. This sequence follows the hierarchy
in a “bottom-up” manner where the most elemental parts at the bottom of the
hierarchy are taught first; then the more complex combinations of the parts are
taught later. In validations of his hierarchical sequencing technique, Gagne (1962;
Gagne & Paradise, 196 1) found that teaching the prerequisite knowledge first seems
to facilitate the learning of the higher order skills better than teaching the prereq-
uisite knowledge out of sequence.

In another study of the effects of hierarchically sequenced instruction, Pyatte
(1969) could not find any significant main effects attributable to sequence. How-
ever, he did find a significant and interesting interaction between sequence and
ability, with students of low ability doing better on an acquisition test using the
unstructured program and students of high-ability doing better on the test using
the hierarchically structured program. No such interaction was found on the transfer
test. As previously mentioned, Buckland (1968) found an opposite effect in a
scramble study and attributed its cause 10 the high ability students’ “flexibility and
adaptability” in organizing instruction mentally, Pyatte agreed that the interaction
he found was unusual but argued that no bias was introduced in the study, therefore,
“There was no reason to believe that the underlying distributions of the variables
used in this study departed enough from a normal distribution to account for the
interaction observed™ (p. 239).

Niedermeyer (1968), and Niedermeyer, Brown, and Sulzen (1969) tested three
hypotheses identified in the scramble studies but included a hierarchical analysis
to identify and sequence the content clements. Their hypotheses were: (a) Sequence
effects depend upon the structure of the subject matter, (b) Sequence effects depend
upon the individual learners's ability, and (c) Sequence effects depend on the age
of the learner. They attempted to test these hypotheses by assigning ninth-grade
students to one of three 110-frame algebra programs taken from Gagne and Brown’s
Number-Series Program (1961). The three sequences are Logical order, Scrambled,
and Reverse order. 1Q was used as a measure of ability. They found no main effects
for sequence, nor were there any 1Q x sequence interactions on scores for either a
retention or a transfer test. The authors concluded, therefore, that “what is learned
is more crucial than how it is learned” (Niedermeyer et al., 1969, p. 66). They
suggested that the greatest attention should be given to the identification of content
rather than to the organizing principles used (o sequence that content.

That the results of these studies were inconclusive may be due to two factors.
First, the instructional treatments were relatively short—usually under one hour.
It is thought that most competent Jearners are able to organize information over
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short periods of time. If this were the case, then macro sequencing strategies would
only become effective in longer instructional programs,

Secondly, these studies did not test the interaction between content and depend- -

ent variables as proposed by Levin and Baker (1963), and Reigeluth, Merrill, and
Bunderson (1978). The dependent variables are learning outcomes that may be
remembering, using, or finding, as suggested by Merrill (1983), or, respectively,
may be verbal information, intellectual skills, or problem solving, as suggested by
Gagne and Briggs (1979). If the dependent measurcs used in these studies were not
sensitive 1o these or other comparable differences in outcome, then any effects of
sequence might have been hidden.

Brown (1970) continued to investigate the effects of hierarchical sequence in
relation to learner abilities (1Q) and included different instructional outcomes. He
hypothesized that if the conclusions of the Niedermeyer et al. (1969) study are
correct, sequence should not be an important factor for a short instructional
program used by fairly bright learners, The Gagne and Brown (1961) Number-
Series Program was uscd again, which consists of two parts. The first 89 frames are
introductory, presenting the basic concepts and skills necessary for achieving the
final objective. The remaining 41 frames gradually guide the students until they
discover a higher order principle. In comparing the logical sequence group, which
received the program in a hierarchical sequence, with the scrambled group, in
which each student received a different random sequence, Brown found no signif-
icant effect for sequence on learning “rote,” lower order principles (Gagne’s verbal
information). Nor did he find a significant 1Q X sequence interaction. However,
for the higher order problem-solving outcomes, the hierarchical sequence was
superior for both low- and high-ability students. The hypothesis that high-ability
students could unscramble the short program was not supported. Brown (1970)
quotes Gagne (1968) in saying, “For problem-solving tasks, the skills have an
ordered relation to each other such that subordinate ones contribute positive
transfer to superordinate ones” (Brown, p. 44). In other words, a hierarchical macro
sequence facilitates the learning of higher order skills. Brown concludes that if the
tasks are at a lower level, such as Gagne’s verbal information, macro sequence may
make little difference even if the instruction is fairly long. On the other hand, if the
1asks are at a high level, such as Gagne's problem-solving level, sequence can have
an important effect upon all learners, even if the instruction is fairly brief.

Shortest path sequencing. Many information-processing analyses employ “path
analysis™ in sequencing the content. Paul Merrill (1978, 1980) is among the carliest
who argue that if a subject is algorithmic (procedural) in nature, the sequence of
teaching it can be determined by identifying the specific operations involved and
the unique paths through the performance. This is done by first conducting an
information-processing analysis that results in a list of operations in order of actual
performance. Then, the designer selects the set of operations that constitute the
“shortest path™ to a successful performance. The whole instructional sequence
consists of a senies of sets of operations {paths) that are progressively longer (i.c.,
progressively more operations in each path). Thus, as the instruction proceeds, the
procedure or rule, as it is known to the lcarner, becomes more and more complex
with more and more detail.

Along the same line, Scandura (1971, 1973a, 1983) employs path analysis in
identifying the “atomic™ components of a rule. In his Structural Learning Theory,

1A

STRATEGIES FOR SEQUENCING AND SYNTHESIZING

Scandura proposes that any problem domain can be represented in terms of a finite
set of rules, each of which can be represented in terms of a finite number of
elemental, “atomic” components. For each rule, there is a number of distinct paths
that are made of a number of atomic components. He contends that for instruction
to be efficient, the teacher should first determine what the learners already know
about the rule by identifying the paths they have already mastered, and then should
teach only those paths they failed to perform successfully or have not learned. The
sequence is then formed by arranging the unmastered paths in a simple-to-complex
sequence. Note that path analysis is only applicable to procedural content.

Elaboration sequencing. The Elaboration Theory (Reigeluth & Stein, 1983)
proposes an elaboration approach to macro sequencing, which is a special kind of
simple-to-complex sequencing. Though the aforementioned sequencing approaches
employ variations of the simple-to-complex organizing principle, the elaboration
sequence has two unique features: (a) the most general ideas epitomize rather than
summarize the whole subject, and (b) there are actually three different sequences,
each based on one single content orientation (i.e., concept, procedure, or principle).
In principle, the first lesson in the sequence includes the simplest ideas and is called
the epitome lesson. Reigeluth (1979) states that the epitome epitomizes the whole
subject by presenting a few of the most crucial ideas at a concrete, application-
based level. The ideas used to construct the epitome are fundamental, representa-
tive, simple, and general, but not abstract. Thus. the learners are required to learn
the ideas at the use level rather than at the remember level. The Elaboration Theory
also recognizes the need for different sequencing strategies for different content
orientations. The content orientation chosen for each subject should be based on
whether the instructional outcomes focus primarily on the learners knowing what,
how, or why vis-a-vis the subject.

The basic elaboration sequence for any of the three orientations is analogous to
a zoom lens in that the epitome presents the most inclusive, “wide-angle™ picture.
Then in the subsequent lessons. the instruction “zooms in” on each one of the
major ideas, revealing more detail on each of them. During the process, the
instruction periodically “zooms out™ to review the wide-angie picture and to preview
it for selecting the next target for “zooming in.”

The elaboration sequence can be seen as an integration of many of the major
sequencing strategics. The basic framework has been provided by Ausubel’s sub-
sumption theory and Bruner's spiral curriculum. Their approaches are reflected in
the elaboration sequence by the simple-to-complex arrangement of content ideas
and reiterations of the same ideas with progressive degrees of detail and complexity.

With regard to different content orientations, the elaboration approach is based
on the notion that the nature of the simple-to-complex sequence must differ
depending on the kind of content that is considered to be most important to the
goals of the instruction. If concepis are most important (addressing the what as is
usually the case in an introductory biology class), then the concepts are organized
into taxonomies of kinds or parts. The instructional sequence is formed by selecting
the most important, comprehensive, and fundamental structure and sequencing its
concepts from the top down (i.e., from the most general concepts 10 progressively
more detailed and less inclusive concepts). Other types of content such as concepts.
facts, procedures, and principles, along with learning prerequisites (Gagne, 1968)

449



VAN PATTEN, CHAO, AND REIGELUTH

are “plugged into” that sequence at the point where each is most relevant (Reigeluth
& Darwazeh, 1982).

When procedural content is the most important (addressing the how as in an
English composition course), then the simple-to-complex sequence is achieved by

identifying the simplest possible version of the task (equivalent to Paul Mernll’s -

path analysis procedure) and gradually adding more complex paths. Other types of
content are then “plugged into” that sequence at the point where each is most
relevant (Reigeluth & Rodgers, 1980).

When theoretical content is the most important (addressing the why as in an
introductory economics course), then the simple-to-complex sequence is formed
by first identifying all principles that should be taught and then prioritizing the
principles according to their criticality by continuously asking the question “What
principles would you teach if you had the learners for only one hour?” Other types
of content then are “plugged into” that sequence at the point where each is most
relevant (Reigeluth, in press; Sani & Reigeluth, 1982). This sequence, as it turns
out, is usually very similar to one arranged in a historical order (the chronological
order by which these principles were discovered in the discipline).

Although the elaboration provides great detail for the operationalization of its
principles, many of the prescriptions for this sequencing strategy have not been
empirically tested.

Summary

Much research effort has been devoted to investigating the effects of sequencing
al the micro level. Merrill's (1983) Component Display Theory provides a theoret-
ical paradigm that identifies the elements for sequencing and integrates many
findings from research into five specific prescriptions regarding micro sequencing.
Those prescriptions are: present the generality before the examples for use-a-
generality outcomes (near transfer); present the examples before the generality for
find-a-generality outcomes (far transfer); arrange instances (examples and practice)
in a divergent sequence (i.e., make successive examples different from each other);
arrange instances (examples and practice) in an easy-to-difficult sequence; and
provide nonexamples “matched™ with examples (i.e., as similar as possible and
accompanying them).

Research on sequencing at the macro level has been growing for the past two
decades. Bruner’s spiral approach, though among the first to address the problem
of sequencing, has not received any experimental study to our knowledge and has
not been accompanied by specific guidelines on how to create it. Ausubel proposed
a general-to-detailed sequence based on progressive differentiation so that knowl-
edge of greater specificity and detail is “subsumed” in learners’ memories under
more general and inclusive “anchoring” ideas. His sequencing strategy has received
considerable research support for transfer outcomes and hierarchically related
content, but, like Bruner, Ausubel has not provided detailed guidelines on how to
design his sequence.

Gagne advocated the idea of hierarchical analysis and sequencing of intellectual
skills so that simpler component skills are taught before the more complex com-
binations of those parts. Research has shown that in skill learning, such learning
prerequisites do indeed exist and, concomitantly, that a hierarchical sequence is
beneficial for such situations.
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For procedure learning, Paul Mermill, Scandura, and others have prescribed a

shortest path sequence for teaching complex procedures (i.€., procedures with a
variety of branches). Various theories have provided detailed guidelines on how 1o
design this kind of sequence, but we were unable to find any empirical research on
it.
The Elaboration Theory proposcs three simple-to-complex sequencing strategies
and a basis for prescribing which sequence 1o use when. It represents an integration
and extension of all the macro approaches reviewed above. For all three strategies,
it prescribes a simple-1o-complex sequence that epitomizes the course content (e,
it teaches the most important, representative, basic ideas at a use-a-generality level
first) and then proceeds to elaborate on that content one level ata time. The nature
of the simple-to-complex sequence is different (conceptual, procedural, or theoret-
ical) depending on the purpose (or orientation) of the course. Detailed guidelines
have been provided on how to design each of these three sequences, but again, little
rescarch has been conducted on its effects.

Of the empirical research conducted to date, it appears that micro sequences
have a much greater impact on learning than macro sequences. This may be due
10 the fact that the two basic questions concerning sequencing (what is sequenced
and how is it sequenced) have been answered for micro sequences but not for
MAacro sequences.

For micro sequences, the rescarch is consistent in its conclusions that three
components are required for an effective sequence: a generality, an example, and
practice. Most current research concerns how much of these three are required and
not whether they are required (Park & Tennyson, 1980). Therefore, micro-sequenc-
ing research has progressed to the point where it is mostly concerned with instruc-
tional efficiency rather than instructional effectiveness.

Macro-sequencing research on the other hand has yet to sufficiently answer the
“what is sequenced?” or “how is it sequenced?” questions, and has not resulted in
a useful model of sequencing. Regardless of the instructional elements identified
(e.g., behaviors, rules, concepts) and of the organizing principles used to sequence
those elements (e.g., top-down, bottom-up, shortest path), no consisient instruc-
lional benefits have been attributed to macro-sequencing strategies. This may be
due to a number of reasons, including:

1. Macro sequences really do not make a significant contribution to learning,
i.e., most learning is due to micro sequences.

2 Rescarchers have not yet successfully identified the important sequencing
variables nor have they modelled their interactions.

3. Empirical evidence has not yet been collected for sufficiently large blocks of
instruction, because sequencing makes negligible differences for small amounts of
content.

Until the research offers better models for macro sequencing, the suggestion for
instructional designers is to become proficient with a vanety of task and content
analysis methodologics as well as sequencing strategies that employ the results of
those analyses.

Review of Synthesizing Strategies

As mentioned before, synthesis is considered a macro strategy rather than a
micro strategy. The interest in synthesizing content grew out of an interest in the
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structure of the content., Bruner (1960) typified this interest when he wrote,
“Grasping the structure of a subject is understanding it in a way that permits many
other things to be related to it meaningfully” (p. 7). To learn structure, in short, 1s
10 Jearn how.things are related. However, there are many different ways in which
things may be related. Though there may be disagreements regarding how synthe-
sizing strategies should work and what they should look like, researchers have one
recognition in common: synthesizing concerns the structure of the content. This
structure is thought to affect learning in two ways: first, as an efficient vehicle for
learning content ideas, and second, as an important aspect of content in its own
right (see Schwab, 1962).

There are two points of view concerning the structure of content. The first point
of view assumes that content structure is “domain dependent,” meaning it is
different for each subject (i.e., math, social studies, etc.). The second point of view
assumes that structure is “domain independent” and is identified through a standard
content analysis. Schwab (1964) illustrated the first point of view by attempting to
identify the structure of the natural sciences. He used a technique that identified
the kinds of principles these sciences employ (i.e., reductionist, holistic, and
rational) and then defined the structure of these sciences as a web of different types
of principles. Similarly, Scriven (1964) analyzed the structure of the social sciences
and suggested a structure that resembled a pyramid of hierarchically related
concepts.

The second point of view, that content structure is domain independent, was
illustrated by Gagne (1968), who suggested that all intellectual skills, regardless of
domain, can be arranged into a hierarchical structure. Along the same line,
Reigeluth, Merrill, and Bunderson (1978) suggest that there are five basic structures,
one for each of the following types of content. The content types and their associated
structures are; (a) facts are organized into /Jists, (b) subsets are organized into

laxonomies, (c) concepls are organized into learning hierarchies, (d) steps are .

organized into procedural hierarchies, and (e) principles are organized into models
(p. 122).

Clearly, there is merit to both points of view: structure as domain dependent and
as domain independent. Any comprehensive approach to teaching relationships
(structure) must utilize both, as the goal of synthesis is to teach such relationships
10 the learner. However, only a few strategies have been developed to achieve
synthesis.

Early Research

One of the earliest and most famous of these strategies was the advance organizer
proposed by Ausubel (1960). To test his strategy, Ausubel developed a 2,500-word
passage describing the metallurgical properties of steel and two 500-word “organ-
izers™ one that dealt with the content at a “much higher level of abstraction,
generality and inclusiveness” and a second that “consisted of such historically
relevant background materials as the historical evolution of the methods used in
processing iron and steel” (1960, p. 268). The first organizer was given twice 1o one
group of students, and the second was given twice to a second group. Ausubel
found that, on a retention test administered three days after the administration of
lkfe learning passage, the group given the abstract organizer scored significantly
higher than the group given the historical organizer. To find out if the organizer
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contained enough information to account for this increased level of learning,
Ausubel administered just this organizer to a comparable group of students and
found they did not score above chance on a retention test. Ausubel concluded that
an organizer of this type can provide a meaningful framework to which the learner
can relate the subsequent instruction.

Ausubel followed this study with two more (Ausubel & Fitzgerald, 1961, 1962)
1o test the effects of advance organizers and existing knowledge on the learning of
a related but different topic. He proposed a second type of organizer, a “comparative
organizer,” to be distinguished from the previous “expository organizer,” which
should be used in teaching a new concept when students are already familiar with
a generally related but different one. This comparative organizer, as Ausubel
prescribed, functions to wdelineate clearly, precisely and explicitly the principal
similaritics and differences between the new learning passage and existing, related
concepts in cogritive structure” (Ausubel & Fitzgerald, 1961).

The principles from his Theory of Meaningful Verbal Learning (Ausubel, 1963)
led Ausubel to assume that the synthesis of ideas could be achieved by using these
advance organizers, which provide a meaningful context for subsequent learning.
Strictly speaking, however, the organizer is not a synthesis of ideas because it does
not explicitly teach the structure of the content. It is the learner who must identify
the relationship between the new ideas and the more general and inclusive anchor-
ing ideas. Nevertheless, it seems that synthesis often occurs. The synthesis effects
of the expository organizer may be due 1o the fact that the short period of time
between the presentation of the organizers and the presentation of the new materials
makes it relatively easy for many learners 10 discover the relationships. Mayer
(1976, 1979b) suggested that organizers “activate . .. the meaningful learning set
during learning” (1976, p. 143). The synthesis effects of the comparative organizer
might be due to the learner’s “horrowing” of a relevant set of content interrelation-
ships from previously learned material, as in the case comparing Buddhism with
Christianity (Ausubel & Fitzgerald, 1961).

Because advance organizers do not explicitly identify the interrelationships
among content ideas, many learners may not make the connection. Hence, it is
more appropriate to think of organizers as a type of pre-instructional strategy rather
than a type of synthesizing strategy. Pre-instructional strategies are groups of content
given before a lesson that seem to alert, inform, prepare, or clarify to the student
what is about to occur during instruction (Hartley & Davies, 1976). Through this
process, students are sometimes able to infer an appropriate set of content interre-
lationships that aid in meaningful reception learning.

Summary

Early research on synthesis effects is inconclusive. The theories dealing with
domain dependent structures (¢.g., the structure of the social sciences) have not
been empirically tested. The theories dealing with domain independent structures
(e.g., hierarchies) have been tested, but not in the context of synthesis.

One domain independent strategy, the advance organizer, has been tested as a
synthesis strategy. However, the results of this research are in doubt because no
operational definition for creating an advance organizer is provided that permits
replications of research. Therefore, for those studies that present significant advance
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organizer effects, it is not clear what attribute of the organizer is responsible for the
‘effects.

« -Currenl Research
~ Current research on synthesis effects has attempted to answer two questions

every time a new piece of information is introduced and broken into discernible
units or properties 1o be recombined with the existing memory network.

Later, as more network models of memory were proposed (e.g., J. Anderson,
1972; Bobrow & Winograd, 1977; Rumelhart, Lindsay, & Norman, 1972), they
provided a theoretical basis for many instructional researchers to advocate the use
of networking as an effective strategy for teaching the content relationships.
Basically, networking requires students to identify the important concepts or ideas
in the text and to describe the interrelationships among these ideas in the form of
a network diagram using nodes (for concepts) and links (for relationships; see
Figure 3).

Dansereau and his associates (Dansereau, 1978; Dansereau, McDonald, Collins,
Garland, Holley, Dickhoff, & Evans, 1979) identified three types of relationships
among content ideas: hierarchy structure (type or part relationship), chain structure
(procedural or causal relationship), and cluster structure (characteristic, analogous,
or demonstrative relationship). Dansereau asserts that students’ application of this
networking technique will result in their improved comprehension and retention
of the material since the network diagram provides a visual, spatial organization of
the information and helps the student see an overall picture of the material. In
addition, the terms describing the relationships depicted in the network can serve
as a language for the students when exploring the memory during retrieval of
information. For example, Dansereau wrote, “Is the information I am looking for
a lead 10 chain? Is it part of a larger concept? Is it an example or type of a more
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general notion?” (1978, p. 15). Further, a teacher-made network can be used as an
advance organizer and an incompleted network can be used to assess the student’s
level of comprehension as an exercise or test.

In evaluating his networking technique as an aid to comprehension, retention,
and retrieval, Dansereau and his associates (1979) conducted a study in which 17
“college students were trained 5% hours to learn how to do networking. They wer¢
then given a passage 10 study and make a network on, while a second group of
students (the control group) were asked to use their normal methods to study the
passage. Five days later, students were allowed to review the notes they made during
the previous sessions and were given a serics of tests (multiple-choice; cloze, where
students were required to fill in important concepts deleted from a paragraph
summarizing the passage; short answers; and essays). A factor analysis on the
different tests showed that the multiple-choice and short-answer tests were highly
related to one factor, labeled details, whereas the cloze and essay tests were highly
related to another factor, labeled main ideas. Analyses based on the two dependent
measures indicated that the networking group performed significantly better than
the control group on the main ideas. That is, the larger differences between the
groups were on the essay and summary cloze tests, which assessed retention of the
main ideas. No significant differences were found between the groups on the
multiple-choice and short-answer tests, which assessed the details associated with
the main ideas. This suggests that having students nctwork the structure of a subject
helps them remember and retrieve the major ideas of that subject.

An interesting interaction was found on the details measures between grade point
average (GPA) and treatment. Results showed that for low GPA students, the
networking group outperformed the control group significantly, whercas for high
GPA students, the reverse held. No such interaction was found on the main ideas
measure. Dansereau et al. suggest that it is possible that the high GPA students
“already had effective learning strategies prior to training,” and therefore were “less
motivated to learn the new technique and, may have found it more interfering
because of its competition with their typical approaches.” Nevertheless, an impor-
tant implication from this study is that a synthesis activity of this sort seems 10
greatly help students learn, especially low achievement students. This study supports
the notion that knowledge of content structure is an important vehicle for learning
content.

Mapping

A similar technique for synthesizing ideas is called mapping, which came from
the work of Hanf (1971). She suggests that mapping can serve as a substitute for
notetaking and outlining. According to Hanf, a map is a “graphic representation
of the intellectual territory traveled, or 1o be traveled via reading” (p. 225). To
make a map, students first locate the main idea of the text, then locate the secondary
categories or principal parts that support the main idea. After labeling these parts,
th'ey can then connect them with the main idea. The map is usually concentric,
with main idea in the middle and the supporting ideas around (sce Figure 4). A
close examination of the technique reveals that Hanf used it primarily for mapping
the s}ructure of a text rather than the structure of a subject matter. It serves as a
reading aid to help students grasp the organization of the text as opposed to
knowledge about content relationships.
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FIGURE 4. Example of a map by Hanf (1971).

Following Hanf's idea, however, came another mapping scheme developeq by
T. Anderson (1979) which focuses the use of mapping on describing the relation-
ships among ideas within a subject. Anderson identified seven fundamental rela-
tionships between two ideas A and B: B is an instance of A. B is a property oOr
characteristic of A, A is similar to B, A is greater or less than B, A occurs before B,
A causes B, and A is the negation of B. He also proposed two special relationships
that show when A is an important idea or when A is a definition.

Like networking, to use Anderson’s mapping technique students must be trained
to create a map by using a set of conventions or symbols that describe how two
ideas are related. The use of conventions to describe relationships is, however,
different from Dansercau’s networking in that the nature of each relationship is
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reflected in the symbol used; therefore, no words are needed for the link between

each two ideas as in a network (see Figure 5).

: Apderson advocates the use of mapping as a postinstructional activity for the
' studgnts to enrich the learning experience and to enhance retention of that learning.
Therefore, he also sees mapping as a vehicle for learning content. Not much
research, however, has been done to provide empirical evidence to support or refute
that claim.
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FIGURE 5. Example of a map from Robertson (1977} text.
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Concept Mapping

Another strategy developed along the same line is called “concept mapping.” It
is theoretically based in cognitive learning, and draws mainly from Ausubel's
learning theory (Moreira, 1979; Novak & Gowin, 1982; Stewart, Vankirk, & Rowell,
1979). This strategy has so far been primarily used and investigated in science
teaching. A concept map is a two-dimensional diagram representing the conceptual
structure of a subject matter. To construct a concept map, one first identifies the
concepts, principles, and so on to be taught. Then the content elements are arranged
in a hierarchical order from general to detailed, top to bottom. Finally, a line is
drawn between each two related elements 10 show the linkage (see Figure 6).

The concept-mapping strategy can be used for two purposes: the design of
instruction and the evaluation of student performance (Stewart et al, 1979).
Initially, it was difficult to use concept mapping as a design tool because the nature
of the relation between each two elements was not explicitly explained on the
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ANIMALS ALL HAVE SYSTEMS. HIGHIR ANIMALS AND LOWER ANIRALS USE SYSTDG
TO PERFORM LIVE ACTIVITIES. SOME L1TE ACTIVITIES THAT BOTH HICHIR AND
LOWER ORGANISMS HAVE ARE RESPIRATION, CIRCULATION, AND DICESTION. A
SYSTEM FOUND ONLY 1IN HIGHER ANIHALS 15 AN INTERNAL SKELETAL SYSTEM.
LOWER ANIMALS DO NOT HAVE BONES.
“jdesl' Map:
ANIMALS
o> H
H
H1GHER
P SYSTEMS
<
INTERNAL g
SKELETAL
SYSTEM
LIFE ACTIVITIES
..
L]
.
RESPIRATION CIRCULATION DIGESTION
FIGURE 6. Example of a concept map (Novak et al., 1983).
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diagram. Therefore, not only is it difficult for a person to thoroughly understand
the whole picture, different people may interpret the lines differently. Novak and
his stafT later recognized the importance of labeling the lines and suggested that
map makers do so. .

When map construction by students is used as an evaluation 100l, misconceptions
in students’ cognitive structures can be spotted, as well as new perspectives that
. emerge as a result of their creative thinking. Research studies on concept mapping
have not shown definite results, although some did scem to reveal thal concept
maps can facilitate transfer learning and problem solving (Novak & Staff, 1981:
Novak, Gowin, & Johanse, 1983).

Networking and mapping are useful techniques for synthesizing information.
However, difficulties exist in making good use of them. First, students have to be
trained for hours before they can proficiently use these techniques. Secondly, many
types of relationships (conceptual, propositional, procedural, cause-effect, factual,

elc.) are present simultaneously and linked by intertwined lines and words. These -

make it difficult for students to use or read the map during learning. Besides, it is
not easy for students, when studying a new text, 10 identify all the important
relationships of different natures and map them meaningfully. Consequently, some
of the information is left out, as Stewart et al. (1979) commented, *. .. the lines
chosen to link concepts on a map are the ‘superhiways’; the unpaved alternative
routes are less likely to be illustrated™ (p. 174).

Synthesizer

Given that requiring students to draw a map or network is very often an inefTicient
use of student time, Reigeluth and Stein (1983) suggest a synthesizing stralegy—
synthesizer—to be developed as an instructional aid by designers, although it could
also be developed by each learner.

According to Reigeluth, the purpose of the synthesizer is to relate and integrate
the individual ideas of a single type of content (i.e., concept, principle, or proce-
dure), in order to teach explicitly the interrelationships among these ideas 1o the
learners. The synthesizer is hypothesized to have the effects of providing students
with valuable knowledge, facilitating a deeper understanding of the individual ideas,
increasing the meaningfulness and motivational effect of new knowledge, and
increasing retention. Therefore, Reigeluth believes that teaching the relationships
not only can help students learn the subject but is valuable in its own right since it
provides knowledge that is not contained in individual pieces of content,

In his Elaboration Theory, Reigeluth provides a set of guidelines for constructing
and testing the effects of synthesizer. When developing a synthesizer, Reigeluth
suggests that the teacher should stick 1o a single type of relationship (conceptual,
procedural, or theoretical) “so as not to confuse students as to what kind of
relationship is being depicted by any given line in the diagram” (Reigeluth & Stein,
1983, p. 359). With regard to the composition of a synthesizer, he proposes that a
synthesizer should consist of a generality in the form of a subject-matter structure
for the organizing content; a few integrated examples; and a few integrated,
diagnostic, self-test practice items. The generality in a synthesizer is one or more
subject matter structure(s) plus the necessary verbal description to clarify their
meanings (Reigeluth, Merrill, & Bunderson, 1978; Reigeluth & Stein, 1983). Each
example in a synthesizer portrays the interrelationships among prototypical in-
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stances of the ideas. The practice in a synthesizer is a set of new ilcms on the
interrelationships among the ideas (Reigeluth & Darwazeh, 1982; Reigeluth &
Rodgers, 1980; Sari & Reigeluth, 1982). _ o o
Since the theory advocates the use of single content orientation in designing
instruction, depending on the instructional objective, a synl.hesuer can focus on
the conceptual structure {part or kind relationships; see Figures 7 and 8), the
theoretical structure (cause-effect relationships; see Figu‘re 9), or the proc_edural
structure (sequential relationships; see Figure 10) ofa SUbJCC! maucr.'Two kinds of
synthesizers were identified by Reigeluth: a lesson synthesizer, .whnch shows the
relationships among ideas within a single lesson; and a set synthesizer, which shows

The Expository
£ssay

‘ INTRQOUCTION BODY CONCLUSION ’
_ ’ R MAJOR SUMMARY
NEYE-CATCHER" TOPIC Tgég ‘oA oF mouc.nrR
STATEMENT STATERENT o o o oeas | | PrOVOXE

DOCUMENTAT ION/
\ GENERALITY JLLUSTRAT ION

FIGURE 7. Exampleofa parts conceptual synmesizcr-gcneralily (Reigeluth, 1983).

Types of
Government

[ l

‘ MONARCHY I OL IGARCHY DEMOCRACY

[ |

|REPRESENTA7!VE l DIRECT

l
[ |

PRESIDENT 1AL PARL |AHENTARY

FIGURE 8. Example of a kinds conceptual synthesizer-generality (Reigeluth,
1983).
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instruction was included.
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_Following that, Chao and Reigeluth (1984) conducted a study using college
students, which investigated the effects of different formats and structures of a
procedural synthesizer. A set synthesizer was developed that covered 13 lessons—
approximately 78 hours of instruction. The two different formats were visual (box-
chart) versus verbal (prose); the two different structures were complete (generality,
examples, and practice) versus partial (generality only). In testing the effects of the
four combinations of format and structure on remember and application levels of
learning about statistical procedures, they found that the format of a procedural
synthesizer (box-chart vs. prose) did not make a difference in learning procedural
relationships, whereas the structure of the synthesizer (generalily-examplc-practice
vs. generality only) did make a difference. The: results suggest that a complete
structure, as the Elaboration Theory prescribes, does result in better performance
on remember-level learning. However, no such effect was found on application-
Jevel learning, possibly due to the students’ familiarity with and ability in applica-
tion, since they had been learning at that level for almost a whole semester. The
authors suggested that more research needs to be done in five areas: the effects of
synthesizer format for different content types, the optimal amount of content
coverage for a set synthesizer, the frequency for providing a synthesizer, the
structure of the synthesizer, and the types of learning outcomes on which synthesiz-
ers have the most impact.

Summary

It has been suggested that teaching the structure of a subject matter has great
value in aiding the learning process as well as in its own right. It has also been
suggested that teaching specific skills without making clear where they stand in a
broader context of knowledge gives students less than a complete understanding of
the content, Also, without knowledge of structure, specific skills are likely 10 be
forgotten due to the lack of a structuring framework that meaningfully ties them
together. Further, not only can learning outcomes (acquisition, transfer, etc.) be
improved by knowledge of structure, but learning motivation can also be enhanced.
Bruner (1960) suggested that the more one has a sense of the structure, the more
densely packed and longer a learning episode one can go through without fatigue.

However, exactly what instructional designers must do to teach the structure has
not been operationalized well in the past. In fact, theory construction and empirical
testing of synthesizing strategies has been largely ignored until the past 10 years.
What can be said now is that early strategies, such as advance organizers, did not
serve the real purpose of synthesis (i.e., t0 provide knowledge of subject matter
structure) although some synthesis often resulted. Later strategies, such as mapping,
networking, and synthesizers, seem more promising, but lack sufficient theoretical
development and empirical support. It is assumed that many instructional variables,
such as 'comem type, delivery medium, and student ability, can impact the
prescriptions regard_in_g the amount of coverage, structure, frequency, timing, and
format of a synthesizing strategy. Thus, a much more refined and tested theory is

requlrec'!dbefore instructional practitioners can see the benefits synthesis is assumed
to provide.
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Review of Sequence/Symhesis Interactions

As noted in the previous section, because synthesis research did not employ a
consistent definition of synthesis, its results are not comparable. Therefor_e, the
literature that investigates the interaction between sequence and synthesis also
suffers from this problem. However, some interactions have appeared that warrant
discussion. _

The first such interaction was noted by Grotelueschen and Sjogren (l9§8). Ina
series of two concept attainment experiments using Ausubel’s sequencing and
synthesis strategies they found that “introductory materials can facilitate the learn-
ing and transfer of a number base concepts” (p- 200). However, they also found
that the effects of the organizer seemed to be affected by the nature of the sequence.
That is, the group given 2 partially sequenced treatment and an organizer scored
higher on the posttest and transfer test than the groups given a randomly s;quenced
or correctly sequenced treatment and an organizer. “Introductory matenrials,” they
conclude, “can facilitate the transferability of experimentally learned xx}aleda},
especially if the material is only partially sequencefi" (p. 210). In testing t‘hxs
hypothesis, Mayer (1978) found that an advance organizer results in greater learning
when the instructional material was sequenced in random order than when se-
quenced in logical order. Mayer suggests that, .

if the content and instructional’ procedure already contained the needed
prerequisite concepts ... O tended to elicit these concepts from the learners
_.. then advance organizers would not be effective. Examples include spiral
instruction that presents key concepts and buildson them ... .. (Mayer 1979b,

p. 373)

It is interesting to note that Grotelueschen and Sjogren (1968) used the organizing
principle of general-to—detailcd to construct the “appropriate" sequence apd that
Mayer (1978) used a part-to-whole principle for his logical sequence. Yet in both
studies the organizer seemed to contribute more to learning if the sequences were
deficient than if they were correct. Similarly, Schumacher, Liebert, and Fass (1973)
and Lesh (1976) found that advance organizers seem 10 compensate for poorly
integrated text. What links all these studies together is that in each case a “correct”
sequence scemed to facilitate integration of the ideas enough that the organizer
contributed no additional synthesis.

“Correct” sequences, then, whichin and of themselves seem tO facilitate synthesis,
should be investigated as alternative synthesizing strategies. However, the attributes
of a correct sequence that are responsible for this synthesis are unclear. Mayer
(1978) and Lesh (1976) suggest that the prerequisites that elicit the appropnate
learning set provide the same type of synthesis as an organizer. Schumacher,
Liebert, and Fass (1975) suggest that transition phrases built into the text are
responsible. An alternative explanation is that centain characteristics of the sequence
might provide intermediate synthesis by implying or directly stating the relation-
ships among the content elements as they are presented. For example, a part-to-
whole sequence might be constructed so that the relationships between the “parts”
are made explicit as the “whole” is pieced together. Similarly, in a general-t0-
detailed sequence, transitional phrases that illustrate the relationships of the con-
cepts would also provide synthesis. If, indeed, comparable levels of synthesis can
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be achieved by either a built-in (sequencing) strategy or by the external (synthesizer)
strategy, then one or the other could be used. There would, however, be no point
in using both, since this would not significantly increase learning, but would add
1o the cost of instruction in both development and delivery time.

Frey and Reigeluth (1981) investigated the effects of various sequences and pre-
and post-synthesizers. To test students’ ability to use concepts, two conceptually
oriented sequences were constructed: general-to-detailed and detailed-to-general.
In addition, three levels of syntheses were included: pre-, post-, and absent. These
three syntheses were crossed with the two sequences to yield six treatment groups.
Though no main effects were found on a test of use-level outcomes, Frey and
Reigeluth did find a significant interaction: (a) The pre-synthesizer worked best
with the detailed-to-general sequence, and (b) the post-synthesizer worked best with
the general-to-detailed sequence. These findings scem to contradict those predicted
and found by Ausubel. That is, a pre-synthesizer (advance organizer) secemed to
facilitate use-level outcomes but only when used with a detailed-to-general se-
quence. For post-synthesizers, the reverse was true: Post-synthesizers facilitate use-
level outcomes but only when they were used with a general-to-detailed sequence.

Frey and Reigeluth (1981) suggest that when material is presented using a general-
to-detailed sequence, “the most general concepts themselves provide the context
for the subsequent concepts, such that students do not benefit from a synthesis as
an initial overview . . ." (p. 5). With a detailed-to-general sequence, where the initial
general concepts are absent, students do benefit from a synthesis as an initial
overview. This explanation is consistent with those of Mayer (1978), Schumacher
et al. (1975), and Lesh (1976), who suggest that there are redundant effects between
built-in syntheses guided by correct sequences and external syntheses guided by
organizers or synthesizers. However, Frey and Reigeluth caution that these results
may only apply 1o syntheses constructed for conceptual content. Further research,
therefore, should test their results using other types of content as well.

Summary

Although there has been little research on sequence/synthesis interactions, it is,
nevertheless, an area that is worth exploring. Based on the results from Frey and
Reigeluth's study it seems important to consider the position and timing of synthesis
in relation to the particular sequencing strategy and content orientation that is
employed. :

Conclusion

The micro strategies of instruction seem to be the building blocks of instructional
design. Instructional researchers have identified the required elements and general
principles for effective micro sequencing. Future research might best focus on how
to make micro instruction more efficient,

The role of macro strategies in instruction is not well-understood. Nor is the
agfanda of macro strategy research. Perhaps the greatest impediment to progress in
this area of research is the lack of consistent terminology, and models or theorics
that can be tested. Though Posner and Strike (1976) present a useful scheme for
classifying instructional sequences, it has never been used as an aid to empirical
research. Similarly, Elaboration Theory (Reigeluth & Stein, 1983) oflers a set of
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models for macro instructional design, including specifications for sequencing and
synthesizing, but little research has been conducted. .

The current problems stemming from the lack of consistent terminology, models,
and theorics arc made more acute when computer-based delivery systems are talfen
into account. For example, with the computer as a delivery mcdium, \qstmcuon
need not be defined as a set of linear events. Rather, it can be lmagmec_l as a
structured organization of data types with an accompanying sct of rule§ for' its use
by students. Entirely new macro strategies may nee_d to be_cx:ea't‘cd, thth mcludf
definitions and prescriptions for strategies such as “interactivity” of online help.

It is recommended that future research in instructional sequencing anq synthe-
sizing focus on the development and validation of ir_nplememmg strategies ba§ed
on a common language and a set of models and theories, and at the same time give
attention to various types of content, instructional outcomes, and delivery systems.

References

Anderson, J. R. (1972). A simulation model of free recall. In G. H. Bower (EQ.), The
psychblogy of learning and motivation (Vol. 5). New York: Acac.iemlc Press.

Anderson, O. R. (1966). A refined definition of structure in teaching. Journal of Research in

Science Teaching, 4, 289-291. . .
Anderson, O. R..(1969). Structure in teaching: Theory and analysis. New York: Teachers

College Press. ' .
Anderson, O. R. (1971). Quantitative analysis of structure in teaching. New York: Teachers

College Press.

Anderson, R. C. (1967). Educational psychology. Annual Review of Psychology. 18, 103-164.

Anderson, T. H. (1979). Study skills and learning strategies. In H. F. O'Neil, Jr. & C. D.
Spieldberger (Eds.), Cognitive and affective learning strategies. New York: Academic~ Press.

Ausubel, D. P. (1960). The use of advance organizers in the learning and retention of
meaningful verbal material. Journal of Educational Psychology, 51, 267-272,

Ausubel, D. P. (1963). The psychology of meaningful verbal learning. New York: Grune and
Stratton.

Ausubel, D. P. (1964). Some psychological aspects of the structure of knowledge. In S. Elam
(Ed.), The siructure of knowledge. Chicago: Rand McNally. '

Ausubel, D. P. (1968). Educational psychology: A cognitive view. New York: Holt, Rinchan
and Winston. . _

Ausubel, D. P, & Fitzgerald, D. {1961). The role of discriminality in meaningful learning
and retention. Journal of Educational Psychology, 52, 266-274.

Ausubel, D. P, & Fitzgerald, D. (1962). Organizer, general background, and antecedent
learning variables in sequential verbal learning. Journal of Educational Psychology. 53,
243-249. :

Barnes, B. R., & Clawson, E. U. (1975). Do advance organizers facilitate learning? Recom-
mendations for further research based on an analysis of 32 studies. Review of Educational
Research, 45, 637-659. .

Bobrow, D. G., & Winograd, T. (1977). An overview of KRL, a knowledge representation
language. Journal of Cognitive Science, 1, 3-46.

Brown, J. L. (1970). Effects of logical and scrambled sequences in mathematical matenals on
learning with programmed instructional materials. Journal of Educational Psychology. 61,
41-45.

Bruner, J. S. (1960). The process of education. New York: Random House.

Bruner, J. S. (1966). Toward a theory of instruction. New York: W. W. Norton.

Buckland, P. R. (1968). The ordering of frames in a linear program. Programmed Learming
and Educational Technology, 5, 197-205.

467



VAN PATTEN, CHAO, AND REIGELUTH

Chao, C. 1., & Reigeluth, C. M. (1984). The effects of format and structure of a synthesizer on

procedural-decision learning. (IDD&E Working Paper No. 22). Syracuse, NY: Syracuse
. University. ‘

Dansereau, D. F. (1978). The development of a learning strategy curriculum. In H. F. O'Neil,
Jr. (Ed.), Learning strategies. New York: Academic Press. .

Dansereau, D. F., McDonald, B. A,, Coliins, K. W., Garland, J., Holley, C. D,, Dickhoff, G.
M., & Evans, S. H. (1979). Evaluation of a learning strategy system. In H, F. O'Neil, Jr., &
C. D. Spielberger (Eds.), Cognitive and affective learning strategies (pp. 3-43). New York:
Academic Press. .

Darlington, R. B. (1975). Radicals and squares: Statistical methods for the behavioral sciences.
Ithaca, NY: Logan Hill Press. :

Evans, J. L., Homme, L. E., & Glaser, R. (1962). The RULEG system for the construction
of programmed verbal learning sequences. Journal of Educational Research, 35, 513-518.

Frey, L., & Reigeluth, C. M. (1981). The use of sequence and synthesis for teaching concepts
(IDD&E Working Paper No. 5). Syracuse, NY: Syracuse University.

Gagne, R. M. (1962). The acquisition of knowledge. Psychological Review, 69, 355-365.

Gagne, R. M. (1968). Learning hierarchies. Educational Psychologist, 6, 3-6.

Gagne, R. M. (1977). The conditions of learning (3rd ed.). New York: Holt, Rinehant and
Winston.

Gagne, R. M., & Briggs, L. J. (1979). Principles of instructional design (2nd ed.). New York:
Holt, Rinehart and Winston.

Gagne, R. M., & Brown, L. T. (1961). Some factors in the programming of conceptual
learning. Journal of Experimental Psychology, 62, 313-321.

Gagne, R. M., & Paradise, N. E. (1961). Abilities and learning sets in knowledge acquisition.
Psychology Monographs: General and Applied, 75, 1-23.

Gavurin, E. L, & Donahue, V. M. (1961). Logical sequence and random sequence. Auromated
Teaching Bulletin, 1, 3-9.

Gilbert, T. F. (1962). Mathetics: The technology of education. Journal of Mathetics, 1, 7-73.

Glaser, R. (1961). Principles of programming. In J. P. Lyrought (Ed.), Programmed learning.
Ann Arbor, MI: Foundation for Research on Human Behavior.

Gropper, G. L. (1973). A technology Jor developing instructional materials. Pittsburgh, PA:
American lnstitutes for Research.

Gropper, G. L. (1974). Instructional strategies. Englewood Cliffs, NJ: Educational Technology
Publication.

Grotelueschen, A., & Sjogren, D. D. (1968). Effects of differentially structured introductory
materials and learning tasks on learning and transfer. American Educational Research
Journal, 5, 191-202. :

Guthrie, J. T. (1967). Expository instruction versus a discovery method. Journal of Educa-
tional Psychology. 58, 45-49.

Hamilton, N. R. (1964). Effects of logical versus random sequencing of items in an autoin-
structional program under two conditions of covert response. Journal of Educational
Psychology. 55, 258-266.

Hanf, M. B. (1971). Mapping: A technique for translating reading into thinking. Journal of
Reading, 14, 225-230.

Hartley, J., & Davies, I. K. (1976). Preinstructional strategies: The role of pretests, behavioral
ggjsectivu. overviews and advance organizers. Review of Educational Research, 46, 239~

Hayes-Roth, F. (1977). Learning by example (Rep. No. P-5835). The Rand Corporation.

Heimer, R, T. (1969). Conditions of learning in mathematics: Sequence theory development.
Review of Educational Research, 39, 494-508.

Klausmeier, H. J. (1980). Learning and teaching concepts. New York: Academic Press.

Klausmeier, H. J., & Feldman, K. V. (1975). Effects of a definition and a varying number of

468

STRATEGIES FOR SEQUENCING AND SYNTHESIZING

examples and nonexamples on concept attainment. Journal of Educational Psychology, 67.
174-178.

Landa, L. N. (1974). Algorithmization in learning and instruction. Englewood Cliffs, NJ:
Educational Technology Publications.

Landa, L. N. (1983). The algo-heuristic theory of instruction. In C. M. Reigeluth (Ed.),
Instructional design theories and maodels: An overview of their current status. Hillsdale, NJ:
Lawrence Erlbaum.

Lawton, J. T., & Wanska, S. K. (1977). Advance organizers as a teaching strategy: A reply 10
Barnes and Clawson. Review of Educational Research, 47, 233-244.

Lesh, R. A. (1976). The influence of an advance organizer on two types of instructional units
about finite geometries. Journal for Research in Mathematics Education, 7, 82-86.

Levin, G. R., & Baker, B. L. (1963). Item scrambling in a self-instructional program. Journal
of Educational Psychology, 54, 138-143.

Luiten, J., Ames, W., & Ackerson, G. (1980). A meta-analysis of the effects of advance
organizers on learning and retention. American Educational Research Journal, 17, 211~
218.

Markle, S. M:, & Tiemann, P. W. (1969). Really understanding concepts. Chicago: Tiemann.

Mayer, R. E. (1976). Some conditions of meaningful learning for computer programming:
Advance organizers and subject control of frame order. Journal of Educational Psychology.
68, 143-150.

Mayer, R. E. (1978). Advance organizers that compensate for the organization of text. Journal
of Educational Psychology. 70, 880-886.

Mayer, R. E. (1979a). Twenty years of research on advance organizers: Assimilation theory
is still the best predictor of results. Instructional Science, 8, 133-167.

Mayer, R. E. (1979b). Can advance organizers influence meaningful learning? Review of
Educational Research, 49, 371-383.

McLean, L., Yeh, N. K., & Reigeluth, C. M. (1983). The use of effects offom'uu of synthesizer
on conceptual learning 1DD&E Working Paper No. 13). Syracuse, NY: Syracuse University.

Mechner, F. (1967), Behavioral analysis and instructional sequencing. In P, 1. Lange (Ed.),
Programmed instruction. Chicago: NSSE.

Merrill, M. D. (1973). Content and instructional analysis for cognitive transfer tasks. AV
Communication Review, 21, 109-126.

Merrill, M. D. (1983). The component display theory. In C. M. Reigeluth (Ed.), Instructional
design theories and models: An overview of their currenl slalus. Hillsdale, NJ: Lawrence
Erlbaum. :

Merrill, M. D., Olsen, J. B., & Coldeway, N. A. (1976). Research support for the instructional
strategy diagnostic profile (Tech. Rep. Series, No. 3). Provo, UT: Courseware.

Merrill, M. D., Reigeluth, C. M., & Faust, G. W. (1979). The instructional quality profile: A
curriculum evaluation and design tool. In H. F. O'Neil, Jr. (Ed.), Procedures for instructional .
systems development. New York: Academic Press.

Merrill, P. F. (1978). Hierarchical and information processing task analysis: A comparison.
Journal of Instructional Development, 1, 35-40.

Merill, P. F. (1980). Analysis of a procedural task. NSPI Journal, 19, 11-15.

Moreira, M. (1979). Concept maps as tools for teaching. Journal of College Science Teaching,
26, 218-230.

Natkin, G. L., & Moore, J. W. (1972). The effects of instructional sequencing on learning
from a simple knowledge structure. American Educational Research Journal, 9, 599-605.

Nicdermeyer, F. C. (1968). The relevance of frame sequence in programmed instruction: An
addition to the dialogue. Teaching Machines and Programmed Instruction, 16, 301-317.

Niedermeyer, F. C., Brown, J., & Sulzen, R. (1969). Learning and varying sequences of ninth-
grade mathematics materials. Journal of Experimental Education, 37, 61-66.

Novak, J. D., & Gowin, D. B. (1982). Concept mapping and other innovative educational
strategies. Unpublished manuscript, Cornell University, Ithaca, NY.

3ko



VAN PATTEN, CHAO, AND REIGELUTH

Novak, J. D., Gowin, D. B.,, & Johanse, G. T. (1983). The use of concept mapping and
knowledge Vee mapping with junior high school science students. Science Education, 67,
625-645. ‘

Novak, J. D., & Staff. (1981). The use of concept mapping and Gowin’s “V" mapping
instructional strategies in junior high school science. Unpublished manuscript, Cornell
University, Ithaca, NY.

Park, O., & Tennyson, R. D. (1980). Adaptive design strategies for selecting number and
presentation order of examples in coordinate concept acquisition. Journal of Educational
Psychology, 72, 362-310.

Payne, D. A, Krathwohi, D. R., & Gordon, J. (1967). The effect of sequence on programmed
instruction. American Educational Research Journal, 4, 125-132.

Posner, G. L., & Strike, K. A. (1976). A categorization scheme for principles of sequencing
content. Review of Educational Research, 46, 665-690.

Pyatte, J. A. (1969). Some eflects of unit structure on achievement and transfer. American

-Educational Research Journal, 6, 241-261,

Quillian, M. R. (1969). The teachable language comprehender. Communications of the
Association for Computing Machinery, 12, 459-476,

Reigeluth, C. M. (in press). Lesson blueprints based on the elaboration theory of instruction.
In C. M. Reigeluth (EJ.), Instructional theories in action: Lessons illustrating selected
theories and models. Hilisdale, NJ: Lawrence Erlbaum,

Reigeluth, C. M. (1979). In search of a better way to organize instruction: The elaboration
theory. Journal of Instructional Development, 2, 8-15, .

Reigeluth, C. M., & Darwazeh, A. (1982). The elaboration theory's procedure for designing
instruction: A conceptual approach. Journal of Instructional Development, 5, 22-32,

Reigeluth, C. M., & Merrill, M. D. (1979, March). Classes of instructional variables. Educa-
tional Technology, pp. 5-24.

Reigeluth, C. M., Merrill, M. D., & Bunderson, C. V. (1978). The structure of subject matter
and its instructional design implications. /nstructional Science, 7, 107-126.

Reigeluth, C. M., & Rodgers, C. A. (1980, February). The elaboration theory of instruction:
Prescriptions for task analysis and design. NSP! Journal, pp. 16-26.

Reigeluth, C. M., & Stein, F. S. (1983). The claboration theory of instruction. In C. M.
Reigeluth (Ed.), Instructional design theories and models: An overview of their current
status. Hillsdale, NJ: Lawrence Erlbaum.

Resnick, L. B. (1976). Task analysis in instructional design: Some cases from mathematics.
In D. Klahr (Ed.), Cognition and instruction. Hillsdale, NJ;: Lawrence Erlbaum,

Robertson, 1. (1977). Sociology. New York: Worth.

Roe, K. V,, Case, H. W, & Roe, A. (1962). Scrambled versus ordered sequence in autoin-
structional programs. Journal of Educational Psychology, 53, 101-104.

Rothen, W., & Tennyson, R. D. (1978). Application of Bayes' theory in designing computer-
based adaptive instructional strategies. Educational Psychology, 12,317-323.

Roughead, W. G., & Scandura, J. M. (1968). What is learned in mathematical discovery?
Journal of Educational Psychology, 59, 283-289.

Rumelhan, D. E,, Lindsay, P. H,, & Norman, D. A. (1972). A process model for long-term
memory. In E. Tulving & W. Donaldson (Eds.), Organization of memory. New York:
Academic Press.

Sa_ri, I F.,'& Reigeluth, C. M. (1982). Writing and evaluating textbooks: Contributions from
instructional theory. In D. Jonassen (Ed.), The technology of text: Principles for structuring,
designing, and displaying text. Englewood, NJ: Educational Technology Publications.

Scandura, J. M. (1971). Deterministic theorizing in structural learning: Three levels of
empiricism. Journal of Structural Learning, 3, 21-53.

Scandura, J. M. (1973a). Structural learning 1. Theory and research. New York: Gordon &
Breach Science Publishers.

470

STRATEGIES FOR SEQUENCING AND SYNTHESIZING

Scandura, J. M. (1973b, August). Structural learning and the design of educational materials.
Educational Technology, pp. 7-13.

Scandura, J. M. (1976). Structural learning 11 Issues and approaches. New York: Gordon &
Breach Science Publishers.

Scandura, J. M. (1983). Instructional strategies based on the structural learning theory. In C.
M. Reigeluth (Ed.), Instructional design theories and models: An overview of their current
status. Hillsdale, NJ: Lawrence Erlbaum.

Scandura, J. M., Woodward, E., & Lee, F. (1967). Rule generality and consistency in
mathematics learning. American Educational Research Journal, 4, 303-319.

Schumacher, G. M., Liebert, D., & Fass, W, (1975). Textual organization, advance organizers
and the retention of prose matenial. Journal of Reading Behavior, 7, 173-180.

Schwab, J. J. (1962, July). The concept of the structure of a discipline. Educational Record,
pp. 197-205.

Schwab, J. J. (1964). The structure of the natural sciences. In G. W. Ford & L. Pugno (Eds.),
The structure of knowledge and the curriculum. Chicago: Rand McNally.

Scriven, M. (1964). The structure of the social sciences. In G. W. Ford & L. Pugno (Eds.),
The structure of knowledge and the curriculum. Chicago: Rand McNally.

Skinner, B. F. (1953). Science and human behavior. New York: Macmillan.

Skinner, B. F. (1954). The science of learning and the art of teaching. Harvard Educational
Review, 24, 86-97. :

Stewart, J., VanKirk, J.,, & Rowell, R. (1979). Concept maps: A tool for use in biology
teaching. American Biology Teaching, 41, 171-175.

Tennyson, R. D. (1972). A review of experimental methodology in instructional task sequenc-
ing. AV Communication Review, 20, 147-159.

Tennyson, R. D. (1975). Adaptive instructional models for concept acquisition. Educational
Technology, 15, 7-15.

Tennyson, R. D. (1980). Instructional control strategies and content structure as design
variables in concept acquisition using computer-based instruction. Journal of Educational
Psychology, 72, 525-532.

Tennyson, R. D., & Boutwell, R, C, (1974). Methodology for the sequencing of instances in
classroom concept teaching. Educational Technology, 14, 45-50.

Tennyson, R. D, Steve, M. W. & Boutwell, R. C. (1975). Instance sequence and analysis of
instance attribute representation in concept acquisition. Journal of Educational Psychology.
67, 821-827.

Thomas, L. A. (1963). Programmed learning in perspective. London: Adelphi Press.

Tyler, R. W. (1950). Basic principles of curriculum and instruction. Chicago: University of
Chicago Press.

AUTHORS

JAMES VAN PATTEN, Development Manager, Omega Performance Corpora-
tion, 255 Bear Hill Rd., Waltham, MA 02154. Specializations: Instructional
design, interactive video, computer-based instruction.

CHUN-I1 CHAO, PhD Candidate, Instructional Design, Development and Evalu-
ation, Syracuse University, Syracuse, NY 13244, Specializations: Instructional
design and evaluation.

CHARLES M. REIGELUTH, Associate Professor, Instructional Design, Devel-
opment and Evaluation, Syracuse University, 330 Huntington Hall, Syracuse,
NY 13244-2340. Specializations: Instructional strategies and design.

471



